Ferrous ferric chloride (FFC ® ; Akatsuka Co., Mie, Japan) is a distinct form of aqueous iron composed of a complex of ferrous chloride and ferric chloride that participates in both oxidation and reduction reactions. 1) However, the mechanism by which Fe(II) and Fe(III) contained in FFC affects living organisms is not fully understood. FFC elicits specific biological effects such as stimulating plant growth, especially root growth.
Mice All animals used in this study were house mice (Mus musculus) of strain C57BL/10JHir (B10). They were given water and a commercial diet, OA-2 (Clea Japan, Tokyo, Japan) ad libitum. They were maintained at 24Ϯ1°C with 40-60% relative humidity, and 12 h of fluorescent light was provided daily. This study was approved by the ethics committee of the National Institute of Radiological Sciences in accordance with the guidelines of the National Institute of Health.
Skin Experiments FFC was prepared as follows. 1) Ferric chloride (FeCl 3 · 6H 2 O) was dissolved in a mixed solution of 2 M ammonium formate, 1 M hydroxylamine, and 1 M formamide to a final concentration of 1 M and then diluted with H 2 O to 10 Ϫ8 -10 Ϫ14 mM. An additional 1 g of FeCl 3 · 6H 2 O per 10 ml solution was dissolved in the solution, which was then gradually heated to 100°C until FFC could be crystallized. The proportion of Fe(II) to Fe(III) was 4 : 6 (10 Ϫ8 mM solution), 6 : 4 (10 Ϫ12 mM solution), and 7 : 3 (10 Ϫ14 mM solution). Analysis using ion-exchange chromatography and Xray diffractometry suggested that Fe(II) and Fe(III) formed dimers.
FFC Plain and Moisture were kind gift from Akatsuka and were painted (0.25 ml) every day on the dorsal skin of B10 mice from 0.5 d after birth. At the same time, pieces of untreated skin were excised from the dorsal side of the animals and fixed in Bouin's fixative for 16-18 h at room temperature or in 16% formalin (Wako Pure Chemical Industries, Osaka, Japan) in phosphate buffer (Wako; pH 7.0) for 16-18 h at 4°C. After the treatment with FFC Plain and Moisture, pieces of skin were also excised from the dorsal side of the animals at 2.5 and 5.5 d and fixed similarly. Untreated (control) skin samples were similarly fixed at 2.5 and 5.5 d. Each experimental and control group consisted of 3 mice and each experiment was repeated 3 times. Each of 9 skin samples was processed into histological and histochemical sections. Skin samples fixed with Bouin's fixative were processed into paraffin (Merck kGaA, Darmstadt, Germany) sections (8 mm thick), and stained with hematoxylin (Merck) and eosin (Merck). The number of mitotic keratinocytes was counted per unit surface area of the epidermis, and the index of mitotic activity was expressed as the number of mitotic keratinocytes/0.1 mm 2 epidermis. The method for determining the mitotic index of fibroblasts was as follows. The total number of fibroblasts was measured for each skin sample. The number of fibroblasts and mitotic fibroblasts were counted per area of a rectangle between hair follicles and from the basement membrane to a depth of approximately 100 mm. The mitotic index (%) was estimated by calculating the proportion of mitotic fibroblasts to the total number of fibroblasts.
Skin samples fixed in 16% formalin in phosphate buffer were washed with distilled water and incubated with 0.1% Ldihydroxyphenylalanine (dopa; Wako) solution in phosphate buffer (pH 7.4) for 16-18 h at 37°C. The dopa reaction detects tyrosinase-containing differentiated melanocytes. 8) After the dopa reaction, skin samples were processed to paraffin sections (10 mm thick), and stained with ammoniacal silver nitrate solution (Wako; combined dopa-premelanin reaction). 9, 10) The combined dopa-premelanin reaction preferentially reveals undifferentiated melanoblasts that contain stage I and II melanosomes in addition to tyrosinase-containing differentiated melanocytes. The ammoniacal silver nitrate reaction specifically reveals unmelanized stage I and II melanosomes as well as melanized melanosomes in melanocytes, the metallic silver particles being deposited with a high degree of selectivity. 11, 12) The sections were counterstained with eosin (Merck). The number of melanocytes (cells positive to the dopa reaction) as well as the number of stage I and II melanosomes-containing melanoblasts and differentiated melanocytes were counted per 0.1 mm 2 of the epidermis and dermis. The number of melanoblasts was calculated by subtracting the number of melanocytes from the total number of melanoblasts plus melanocytes. 13) Melanocytes are present in both epidermis and dermis in addition to hair follicles. Since the characters of melanocytes are known to be different between epidermis and dermis, 14) the number of epidermal and dermal melanocytes was counted separately to know whether the response to FFC is different between them.
Effects of FFC on Hair Growth and Hair-Loss FFC Plain and Moisture (0.25 ml) were painted on the dorsal skin of B10 mice 4 times per week starting 0.5 d after birth and their effects on hair growth and the alopecia hair-loss were studied. Each experimental and control group consisted of 6-7 mice and each experiment was repeated 3-6 times. The effects of FFC Plain and Moisture on hair growth and hair-loss in each of 18 or 42 mice were determined by visual inspection and photographed. The observations of alopecia continued 21 d after birth. Since the effects of FFC were greater in the earlier (0.5 d) treatment than in the later treatment, neonatal mice were used for studying the effects of FFC on the alopecia hair-loss.
The statistical significance of the differences in the numbers of mitotic keratinocytes, fibroblasts, melanocytes, melanoblasts, and melanoblasts plus melanocytes as well as in the mitotic index of fibroblasts was determined using Student's t-test for comparison of groups of equal size.
RESULTS

Effects of FFC Lotions on Keratinocytes and Fibroblasts
The dorsal skin of B10 mice was painted every day with FFC Plain or Moisture, and the skin samples were fixed at 2.5 and 5.5 d. Histological sections revealed that the epidermis of 2.5-and 5.5-d-old mice painted with FFC Plain (Figs. 1C, D) or Moisture became thicker than that of control mice (Figs. 1A, B) , and contained more numerous keratinocytes (Figs. 1C, D) than that of control mice (Figs. 1A,  B) . Moreover, the number of mitotic keratinocytes in the epidermis treated with FFC Plain (Figs. 1C, D) or Moisture was greater than in control epidermis (Figs. 1A, B) . The same tendency was observed in keratinocytes of developing hair follicles. At 5.5 d, hair follicles in the skin treated with FFC Plain or Moisture were larger than those in control skin. The number of mitotic keratinocytes per epidermis in the control skin gradually decreased after birth, whereas those in the skin treated with FFC Plain or Moisture markedly increased (Fig. 2) . The numbers were 3 (2.5 d) and 4 (5.5 d) times greater than in control epidermis. No difference was observed between FFC Plain and Moisture. These results suggest that FFC Plain and Moisture stimulate the proliferation of keratinocytes in the epidermis and hair follicles. In addition to the stimulation of keratinocyte proliferation, FFC Plain and Moisture increased the thickness and density of the cornified layer (Fig. 1D ), suggesting that FFC Plain and Moisture also stimulate the differentiation of keratinocytes in the epidermis.
The number of fibroblasts in the dermis gradually decreased after birth in the control skin (Fig. 3A) , whereas the number of fibroblasts treated with FFC Plain or Moisture increased from 0.5 to 2.5 d (Fig. 3A, pϽ0 .05) and then decreased. FFC Plain and Moisture almost doubled the number of fibroblasts at 2.5 and 5.5 d. The mitotic index of fibroblasts similarly decreased after birth in the control skin ( tion, FFC Plain and Moisture increased the density of fibers around fibroblasts (Fig. 1D) , suggesting that FFC Plain and Moisture stimulate the production of fibers, namely the differentiation of fibroblasts. The effects of FFC Plain on the number of fibroblasts and the mitotic index of fibroblasts were slightly greater than those of FFC Moisture, though the differences were not statistically significant.
Effects of FFC Lotions on Melanoblasts and Melanocytes When B10 mice were painted with FFC Plain or Moisture every day, the dorsal skin became darker than control skin. Histochemical observations revealed that in mice treated with FFC Plain (Figs. 4C, D) or Moisture, the number of dopa-positive melanocytes in the epidermis, developing hair follicles, hair bulbs, and dermis were greater than in the control skin (Figs. 4A, B ) at 2.5 d (Figs. 4A, C) and 5.5 d (Figs. 4B, D) . Moreover, in melanocytes treated with FFC Plain (Figs. 4C, D) or Moisture, dendritogenesis, dopamelanin deposition, and cell size were greater than in the control melanocytes (Figs. 4A, B) , suggesting that FFC Plain and Moisture stimulate the differentiation of melanocytes through the promotion of tyrosinase activity, melanosome formation, and melanosome transport. 7) 1350
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The number of cells positive to the combined dopa-premelanin reactions (melanoblasts plus melanocytes) in the skin treated with FFC Plain (Figs. 5C, D) or Moisture was similarly greater than in the control skin (Figs. 5A, B ) at 2.5 d (Figs. 5A, C) and 5.5 d (Figs. 5B, D) . Moreover, in melanoblasts plus melanocytes treated with FFC Plain (Figs. 5C, D) or Moisture, dendritogenesis, silver deposition, and cell size were greater than in the control skin (Figs. 5A, B) , suggesting that FFC Plain and Moisture stimulate melanin synthesis, melanosome formation, and melanosome transport.
The number of dopa-positive melanocytes in control epidermis increased after birth. The treatment with FFC Plain or Moisture markedly increased the number of melanocytes at 2.5 and 5.5 d (Fig. 6A, pϽ0.05) . FFC Plain and Moisture almost doubled the number of melanocytes at 2.5 and 5.5 d. The number of melanoblasts in the epidermis of B10 mice gradually decreased after birth, as reported previously. 8) This decrease was due to the increase in the proportion of melanocytes in the melanoblast-melanocyte population caused by the stimulation of the differentiation of melanoblasts into melanocytes. 8) Although the number of melanoblasts treated with FFC Plain or Moisture decreased after birth (Fig. 6B) , the number was still greater than in the control skin (pϽ0.05). The number of melanoblasts plus melanocytes positive to the combined dopa-premelanin reaction in the control epidermis similarly decreased after birth (Fig. 6C) . However, the treatment with FFC Plain or Moisture increased the number of melanoblasts plus melanocytes at 2.5 and 5.5 d (Fig. 6C, pϽ0.05) . FFC Plain and Moisture almost doubled the number of melanoblasts plus melanocytes at 2.5 and 5.5 d. Moreover, mitoses of melanoblasts and melanocytes were observed in the skin treated with FFC Plain or Moisture. These results suggest that FFC Plain and Moisture stimulate the proliferation of melanoblasts in addition to the stimulation of the proliferation and differentiation of melanocytes in the epidermis.
It is reported that the number of melanocytes in the dermis gradually decreases after birth, as reported previously. 15) In this study using B10 mice, the number of melanocytes (Fig.  6D), melanoblasts (Fig. 6E) , and melanoblasts plus melanocytes (Fig. 6F ) gradually decreased after birth in a similar fashion. However, the treatment with FFC Plain or Moisture inhibited these decreases (Figs. 6D, E, F, pϽ0.05) . The cell size, dendricity, and silver depositions were increased by the On the other hand, the number of melanoblasts (B) in the control skin markedly decreased after birth. The number of melanoblasts (B) treated with FFC Plain or Moisture also decreased, but its number is still greater than in the control skin at 2.5 and 5.5 d (B, * pϽ0.05). The number of melanoblasts plus melanocytes (C) in the control skin similarly decreased after birth, whereas the number treated with FFC Plain or Moisture markedly increased. The number of melanoblasts plus melanocytes is 2-times higher than that of control skin at 2.5 and 5.5 d ( * pϽ0.05). Although the numbers of epidermal melanocytes and melanoblasts plus melanocytes treated with FFC Moisture are slightly lower than those of FFC Plain, the differences are not statistically significant. The number of dermal melanocytes (D), melanoblasts (E), and melanoblasts plus melanocytes (F) gradually decreased after birth. However, the treatment with FFC Plain or Moisture inhibited these decreases (D, E, F,  *  pϽ0.05) . Although the numbers of dermal melanocytes and melanoblasts plus melanocytes treated with FFC Moisture are slightly lower than those of FFC Plain, the differences are not statistically significant. treatment of FFC Plain or Moisture. Moreover, mitoses of dermal melanoblasts and melanocytes were observed in the skin treated with FFC Plain or Moisture. These results suggest that FFC Plain and Moisture stimulate the proliferation and differentiation of melanoblasts and melanocytes in the dermis, and inhibit the decrease in the number of dermal melanocytes after birth in a similar fashion to the epidermis.
Effects of FFC Lotions on Hair Growth and Hair-Loss Treatment of the skin with FFC Plain or Moisture stimulated the development of hair at 5.5 d (Figs. 4D, 5D ) and 6.5 d (Fig. 7A) . At 14.5 d, the hair in the mice treated with FFC Plain (Fig. 7B) or Moisture was darker and more lustrous than the control hair. It is known that B10 mice generally lose their hair at the telogen stage of the hair growth cycle. This hair-loss is caused by the expression of the alopecia gene. 16) In most B10 mice, some or all cutaneous hairs except those on the head are lost from 2 to 3 weeks after birth (Fig. 7C) . Regrowth of hair initiates after 3 to 4 weeks, and complete cutaneous hairs are recovered. In the following telogen stages of the hair growth cycle, the hair-loss by the alopecia occurs, but the area of hair-loss decreases as age advances. In this study, all mice in control group possessed alopecia hair-loss (Fig. 7C, Table 1 ). However, in mice painted with FFC Plain (Fig. 7C) or Moisture, almost no hair-loss was observed at 19.5 d, suggesting that FFC lotions inhibit the alopecia hair-loss. As shown in Table 1 , in mice treated with FFC Plain, the percentage of mice with no hairloss (no alopecia expression) was more than 72%, about 17% mice showed slight hair-loss, about 11% had lost half their hair, and no complete hair-loss was observed. On the other hand, in mice treated with FFC Moisture, the percentage of mice with no hair-loss was only 44%, about 28% showed slight hair-loss, about 28% had lost half hair, and no complete hair-loss was observed. Thus, the inhibition of the alopecia by FFC Moisture was weaker than by FFC Plain. Moreover, the treatment with FFC Plain or Moisture delayed hair-loss by 1 or 2 d ( Table 1 ), suggesting that even in mice in which the alopecia hair-loss failed to be completely inhibited, the proceeding of the hair-loss is delayed.
DISCUSSION
The author's previous study showed that FFC stimulated the proliferation of cultured keratinocytes, melanoblasts, and melanocytes in newborn mice. 4) FFC also stimulated the proliferation of cultured fibroblasts derived from newborn mice (Hirobe, unpublished) . FFC also stimulated the differentiation of murine keratinocytes and melanocytes. 5) Moreover, FFC stimulated the proliferation of cultured normal human keratinocytes, fibroblasts, and melanocytes.
6) The present findings in vivo confirm the author's previous studies using murine and human skin cells in vitro. Considering all these findings, it is conceivable that FFC can stimulate the proliferation of mouse and human keratinocytes, melanocytes, and fibroblasts. FFC was also found to stimulate hair growth and to inhibit the alopecia hair-loss in this study. Since the hair growth is regulated by the proliferation and differentiation of keratinocytes, melanocytes, and fibroblasts, 7) it is reasonable to think that FFC is involved in the homeostasis of the skin and hair by regulating the proliferation and differentiation of keratinocytes, melanocytes, and fibroblasts.
In the present study, FFC Plain was more effective than Moisture in stimulating the proliferation of fibroblasts and melanocytes, and in inhibiting the alopecia. Although the reason why FFC Moisture is less effective than Plain cannot be fully explained at present, it might be due to the inhibitory effect of rose oil, grape seed oil, jojoba oil, and the emulsifiers present in Moisture.
The proliferation and differentiation of mammalian keratinocytes are regulated by numerous factors, including epidermal growth factor (EGF), 17) keratinocyte growth factor (KGF), 18) hydrocortisone, 19) and dexamethasone. 19) The proliferation and differentiation of mammalian fibroblasts are regulated by basic fibroblast growth factor (bFGF), 20) acidic FGF (aFGF), 20) transforming growth factor b 1 , 21) KGF, 21) interleukin (IL)-1a, 21) IL-1b, 21) and platelet-derived growth factor. 22) Moreover, the proliferation and differentiation of mammalian melanocytes are regulated by melanocyte-stimulating hormone, 10, 13, 23, 24) endothelin (ET)-1, [25] [26] [27] ET-2, 27) ET-3, 27) bFGF, 28) steel factor, 29, 30) leukemia inhibitory factor, 31) granulocyte-macrophage colony-stimulating factor, 32, 33) and hepatocyte growth factor (HGF). 34, 35) Mammalian hair growth is also stimulated by insulin-like growth factor-I, 36) HGF, 37) RET tyrosine kinase, 38) bone morphogenetic protein, 39) estrogen, 40) macrophage-stimulating protein, 41) FGF-18, 42) and nerve growth factor. 43) It should be emphasized that FFC can stimulate the proliferation and differentiation of keratinocytes, melanocytes, and fibroblasts as well as hair growth without adding these growth factors, cytokines, and hormones to skin lotions. FFC may activate these factors and stimulate signaling pathways [44] [45] [46] elicited by these factors. Furthermore, it is possible that FFC changes the homeostatic conditions within the skin and hair cells to those favorable for the stimulation of proliferation and differentiation.
It is unknown at present what factors cause alopecia in B10 mice. The growth factors and cytokines involved in regulating the proliferation and differentiation of the three cell lineages in the skin might be defective in the alopecia mice. It may be possible that FFC treatment restores the defects in the expression of the genes associated with the proliferation and differentiation of keratinocytes, fibroblasts, and melanocytes. However, this hypothesis remains to be investigated in a future study.
In the present study, the proliferation and differentiation of keratinocytes, fibroblasts, and melanocytes were stimulated by FFC. Thus, FFC seems to affect these growth factors, cytokines and hormones in vivo, and bring the changes of renewal of 3 cell types that constitute skin and hair followed by the homeostasis of skin and hair. Stimulation of the proliferation and differentiation of keratinocytes, fibroblasts, and melanocytes by FFC may be helpful in maintaining the health and youthfulness of the skin and hair. Thus, it is reasonable to think that FFC can maintain the health and youthfulness of skin and hair through the activation of the proliferation and differentiation of keratinocytes, fibroblasts, and melanocytes.
